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(57)Abstract 

PROBLEM TO BE SOLVED: To decrease the dielectric 
film on a substrate to the specified thickness by 
projecting the light including two kinds of the specified 
wavelengths at an incident right angle, and detecting the 
basic signal formed by the reflected signal at the 
specified extremal value for every wavelength. 
SOLUTION: A light source 28 applies light on a wafer 
through an optical cable 30. At this time, at least two 
kinds of specified wavelengths L1 and L2 are used. It is 
indispensable that L1 and L2 are larger than 4 X N X e. 
Here, N is the refractive index, and (e) is the error of the 
film thickness. The reflected light from the surface of 
the wafer 24 is detected by an optical cable 32. The 
optical cables 30 and 32 observe the wafer 24 at the 
incident light angle. At this time t the analog interference 
signals are respectively outputted from the amplifier 
sections of spectrometers 33A and 33B, to which the 
optica] cable 32 is connected, are applied on a 
processing/analyzing unit 34, and basic signals S1 and 
S2 are generated. By control line 38, the etching process is automatically switched off at the 
final-point detected time when the intended thickness is achieved. 
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»*fcttff«WBiafz % ffirES*a*ia>asa>afl:££ 

mrEa^fi>att3^&Bf4a)a* e f j&«aasiii4aia© 
wE^a-^oaaoaa^-eroaafflatA^^ h-r 

4*«i. 

mES*«^©iiJEfta<Datti: WEBf#fl>»* ton 

:/-eaE-r4¥«£. 

LTt^*A^^IaslJrsfc^lcfl^Es*€^a)&^o!)^^3H^ 

mEa«**ifca»«*i=-3^Tayo>»iatstE-r* 

&7?&^Sik£&!bZk£&mk + &^ s® e 
[HHtas] B*a9/'#;ff¥87fTfc:h4a«0>Bft 



(3) 



«BG¥08-274082 



ft. 

im*m 9 ] m tHtm^mtf&wmitmfr e. tuft * 

3g7C:fE®©g@o 

[|g#Jl1 1] Sfi±J^fiELfc^gEi:)S»f^Nro 
©fettle. ^D-bX^aSlcJ:?)(l*fl)Sgei:a#r$05 
©Bt4-©IS£ E f \ztsii&JLv?fej!km%&m£8i&T 

i=inaa«jv e < yt % 

'J>fc < i: 1 2 S&©fcfi££fr#l::.fc oTtirE«ii©S 

(c) &*©firi2;&gf::-3i^-t, «-jtit¥S«-s»Lfc 

(d) mE7^ayT&€^frbT<i;$;i.S*«-S|£ 

(e) fliE3*iI^£#UrL-C. ffMH3IE/*5>-$fc 

(1) WEIMSWUB/^j*-*!*. lMrE£*flM*£]EM 

^©n * A<aia sira)x .y ^ i/^jissis t 

(2) IfiJfEX hy^i?/^-*^ **«-%4«Biffll= 

Mt&ijm~Mm-tz>& i ©t 5 — $ (a) ffitEjis 
wo>&mo)&Liz®&t&n2<7>T-t (x) iriag 

(D) tl»5 3^(Df-^ (A X D) frfcftiaSsh. 

«#C"3t»rfitJti* = i:S1Wi:-r*, If*® 1 1 fc 
|ESS<D^a. 

A©fifr-5©J?;kE f K^-T ■ lyfvysgfi 



(b) x^^vy^rooj-p^^^i+bHfcx^^ S& 

(c) *-©ffiA<4 x N x er=«?LLift'MS£ l 'J*$l"> 
tt < i * 2 SS© J: of> i^Siltt 

10 <d) ^©BiJEjfrSKo^-c. £l*Lfcifc£#ifctt* 
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'(f) fneiNiR»n^iss-r«&. mso&ttfr&Br^. 
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[000 1] 

. [3§BJ©H-r&ft{&ft£H *36BJii±, 4&V1MHIBB© 

-f ;uA*fci±®fflfijf#©g*-t<Et»*.x h >v^S*-e© 
K7«f ■ x»*>*«E«*-4fc«&©*SjfeJ:lH6ftl= 

[0002] 

[$£©&*»] ¥gf*miil§)g& ( i c) ©SJt-ei±, s 
40 4W*B±l=l»JftdtLfett4atm4>ll&.fclJW=B« 

*m©@©R*££fcl*/<$->fl*fiSI=> 7?X7K]£tt 
. -f^-> ■ x^^y (r i E) K5*< • x«/^> 

i= m #©jp ?-ei7f> y £ fpjti- -&t^©x-/T$i^ 
xjs<^4ctA<ms-c-&.5. *bic, c©ay©gs 
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[0 0 03] g|l 14. *IM!:v'Ji> ■ tfT-f 1 1 

**#t\ 1 oav&Brtsjh^x/xo-si 

<DffiiBS£^LT^4o ®«* X$-y<?1 2(4, STffi© 
I?* 3 O nm©S i 02j§ 1 3 t % *PfflO)&£ 1 5 O n 
m©S i3N4j§1 g_h£ii©S i 02|§ 1 5 tA>t, 

fllj*S*l4. S i 02fg1 SOJSBt S i 3N4JS1 4(7) 

±lita)**isi4i 6 a £ L-c5?*ih/ci*5o Sfc, s 

i 02|f1 5 a>±BI4#HS-3- 1 6 bT*;K£3h-CL*4o 
S i O2BI 5(4, ^ -Xf^.^h • 
*>'J*-H (TEOS) fcKJIISffiffl-rS, LPCVD 
Jifcfi&> /PECVD (^Xv3Mbfi 

*b¥*«j«*i*> &£©s i 02i=*oT»jS£*i4. 

4 Q ZOtzlbs flt£l 0f4, 1 6Mt*^ h(DD R AMf 
*:/©aftl=ffifflT4*tS K L/>^»jjHfto->«J a > • 

I o**FfflfbU s i 02jgi sa>%Mm$E£U&it 

■efllfci o£=j-t^><?u ffi&© K^-f • x*;f> 

•/<*y£l4, HlWC2 0©fflHx-r'y:?'e3BTU 

4„ ■ ■ ?ci-feX©1&1 ©X^ry^-Cfi. 

s i 02^1 5©±H4<Baj**t4*"C«Ktl OfX^y 

*©ft**iitttfl|-r««2fl>xxv^-ett, s t 02 

II 5£SB1 6b^bEx f =E-E f©^J^tX 

v^>^*j"4 0 x^>y&|r$£oT04s i 02HI 
5«)S|Zffla±Bf4#|H*^1 6c^4tiW4. 
[0004] Bifcs«vci*4©tt, S[g©gi&&ig 
■e«»**ifc*awte«a-e*«. L*u ftt-tttt 

fttoi*. g^Jf (S i 02jg1 5) M-f-<>^* 

f=»flt*4xfcS i 02jf 1 3 fccfctfS i 3N4! 14tS 

fr&»JS**i4l±r"e*4. jE*&©li, T&ft 

i=*4«£*?rtti::i-4fcai::. B«©«ffB d e 
a) «=2r3a>jiaftaftqfia*sart4wfceft-eft*, 

[0 0 0 5] - - ^D-fe*Xf± % S i O 

2 Hi 5 0X*;^>yaa3W— g-efcy, ^x/\©X*/ 

^ ■ Ay^ ■ X5^?£ff5Fffll=3fcS^4C£#"e£4 



«3^5>#tf>4*^ &41M4. »*t6«Q7hfl>^ 
^u- ^x/N^-t©^— ^-cfflau *©a, c©H8£ 

»#©35tf«fcyiEJre&4a<* »B3ft«*^y. ilS«x>> 

10 a»x«;^>yi»E x f ic»it-ra»iH*<«a-r« t a 
rtizx^^v^r- ^p.-fex*<(?±-f « a aoTL^as i 

02«1 5©SBg©f£*Ey f 14, ft(im=S«tt&« 

*T»»«»f=*yiiSL. BfMog^SE f ttfcK-r 

-So s i 02lii 5tfj&Mx«j?>9i*ixi*&km9i 

fcLT*«LfcttJhtftt&ai\, Hf8©J5*Ey f aMJr 
a©i«MEft±B4i*tt. fiJKffiig©J£<ilE f 
(ciS^(+*fc^fc 1 3-effl)^i/^Sffc4x 
<f-x-rv?l=4M+<5*< % d©Jg^ i6io©x^^-/< 
20 y^4<»»TP*y. *#il=#»r«i!£t«R-e*ft. 

[ooob] tai o©Btt©Eattsir4T*ttffiffl& 

t?"J7^*-f AT?»ffx V ^>yjfEx (SloTt^-S>S 
i 02fg1 5©^(Tfil4. Ey = E-Ex0j:^ICEy 

4^*4. ±E©x^^ « • ^P-feX*. s i o 

30 m«iife*ettitfft3b(«ifti ofc^tr^x/McsitA** 

ftTSt^o S i 02jil 5©±MT*SffiLfc&l4- 

fll^:, S i 02/11 5 t^&TIZfo&S I3N4H1 4t 

©rBlt»fit* *Lfc*»B 1 6 b -ejgtfr LfcttWic J: y , 

^>^©S i 02HI 5 oT3l*3WSfc-r 

KISi&SjhfcEP-A-O 5 1 1 4 4 8|Z|HK**tTL> 

40 Xv|zJ:oT^tii^ti4RlfS©»l*|g, ^©ig^f4S i 
Brdtff*ttt LTBfrr«»»tH=J:-3"C±B7K-- 

Eo)#*x«rzE«**Lfc3&ai=j:y. t-t y*^- =1 
i=+»aas© 1 ^©ttittt^BBr 4£B««ft4» e 

x = Ex f fztt4tx<y^>^- "^D-bXA^ffjhL. 51 
y©S i 02lg©^*l4Ey f =E-Ex f l"<toT?F 
*tl4o £y<DS 1 02jg©S?K©J?5Ey f f4, C© 

50 : »ai?tt*> i 5-f >«t&tfiz'««'esB£-r4cfc4<-e# 
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[0007] *6tz, HBglzti. ±SoiBNU. 1»I=L 
pcvoft»ic.fcy»i«**Lfcs i 02jii 5ii, j?£ 10 

fcs i 02iBi sawst, ««Lfc»»a>iirtaw. n 

&o S i 02J11 5©J5*3b<*0>«IiMtET? 

tt^**ift< e± e £L*3ffil::5S^itftft;Mi 

rai=*«j*24>fretB££ft-f. a*, aits i oi 

Bfcfi* Ex f A<*»i«y^>^ffT?fc*L«, »ya)S 20 
f 02^<7)^S§^<Ey f = (E± a) -Ex f T?73^<* 

(due f fcit»4t4?rifttt*<*4 0 rtt*?%, s i 02 

T*tH=*S*Stl*. X*y^l/^ffEx*iEtt*0 
a(*LTM2U 5fcl>-CfiJr£(Z>J¥£Ex fj&<»***ifc 

i>y3>*S±lza4s I 021B1 SflOSfrJf Ey 

y f SiE«^-DilttL-caig-r*Cttt7?&ftlv„ dfl) 

Oz»1 5(7>SRta>fiftl9Ey f J&*ffiIBBtefl>K*E f 

[0 0 0 8] CKDjfilCOI^Tf*. HI 2 (7) (a) £#Kf 
tot «fc<R|B-e#-&. fCt#20) (a) £# 

*fc*t>. co>«^ttJB»tt-efc«tf. iEB&r*ltj£±*L 

si^-rssfii (a^«^e>a*«*fcj4*a>sM) *<d . 

*o -CT?, LliSftfi, N(±S i 02^1 5 0)|itff*1? 
Rfcx?5/^l/4fJI{*ER = 2 x d / T t L x 5 fBSfc"0ffifi9 

K^^tc^^-e^^ ::t% Ti*a«e-E§-<j>j9JH 
Tfe^o ±Ka>^PHz^*Bifc«fe4JS*a)»«oOfc 

a. iffiiEyiis i 02di 5aigBa>JVda>tt« -f 50 



4*5%, 02(0 (a) (Z^-t E± e fC«fc& d £ l±BJj P>fl\ 
a. LfcA^oT, ^P-tzX^S6(7)$£S. Ey(7)iHS(S(Z 

«*e f tr**(a^Rft«Rrii6ttfl>&«ay©s i 02 

[0009] ctLic^Lr. ^mmm-MLxm&Ltz 
aiMbqwE-ta. c<z)$gs. s i 02S1 5(7)^ 
■r « » y a* <x<d m<D&&mizt>?frtem^tfm£.* 
■ LT^so»**«*Tt^*^rifttt3W*y % ^Hifc* 

y. &EfiM* (topography) |z*«ftai^«£i:4. ft 
( a ) OjESftAH 1 9 a It. WettttftOXS LiS 

i 02H1 sa>'£ftmtii&t*ta)n±t3imfMa9k+ *y 

-«»lzl±X* <v£ 1 2(D#^fttt£^f fcO-Cfc&o 
Hia>*ai oicB-TiBy. Hff*4)£B<DffittN± 

n|Cj;oT3K**l. &«lf**N=1. 4 8.HSn*< 
0,;0 0 2©»*, N(Z)H^05©lt$tl1 - 4 6-«|1. 
5O(7>P 0 1-(?^l|-rao ft20)Sftfti:ia»f*i:a>^-Sk^ 
^-fSt, 1120) (b) C0*^1 9 btfjF-f «fc5l=: % 
'#*Sf36^6U*4*i6*Wfcf£tilzffiT-r*. CO^ 

x-y^iijasttasr-sfcAiz k^-< • x - 

-b ^ * E«f * c 1 1* t It-^T Wfifer* fe « 0 

[0 0 10] LfcjW-aT, S i 02j§ 1 5(0^* E(D^ 
fi»ftflII±6 5 0±6 5nmlC*L<ft«. CCOfilfi, 
¥^*T^:/&lz&oTl^|f 1 5(DRfrS(7>I?$thh 
K**L % COffltliE f = 1 O 0± 5 n m^^hljo 
•£<7>jS£, S i 02S1 5M»iE=6 5 0 nmlCgl 
t5SMe=6 5 nm^U(DS i 02ffi 1 5<7>J1^^ 
<*l=fi***l-S^ #tf>TL*««yd!>S i 02^1 5(7) 

e = 6 5 nm^SUOS i 02jg1 5(J)I$E f = 1 0 
.OnmiH CfflT*&a Z t iZ^-f&Z t tfmmX 

oa>«fti=H*o)^p-bx*Bia>ie*«^r*»Rta>a 

LM^J: ©KS e Bfif«0)KS n £IK < c -e fe 
.[001 1] 

$ i fcife 
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[0 0 12] *SSE8G>te<D§ftti\ ^0<fc5lw^Hfc 
zt£&mt?&, aMLfcl=»*LfcB«7-f JUA£B 

[o o i 3] *5S0j(oftroaM/i. noo^o^ 
»fi±i=»aLfcB*7-r^AtBra©»**-ea** to 

[0 0 14] *^0J©ft(D@Wri, Bit ?P-fe 6 

l*LfcR«7-r ;UA*Brilfl>J» **-ea**-t*« K?-f 

[0 0 15] BMM\ »l^3b^Oftg(Dift« 

£*rf < t & 2SSa&tt&$«ft*ttffi%tta> 
fc»«^-f ;uA*Braa>B**-eiii**i*s k^w -x 

[0016] **«a)ttoBntt, fna&£a>&ftftc 4 

*tt±l=*j4LfcR«7-r;UA*BrliG)fl[** 

[0 0 1 7] *SM8a>ttfl>SMIi, 4 x e XN (eliS 30 

»«±l=**LfcB«7-r^AtHfa(D***-csi^* 

[0018] *«mo)tt(ognit seb****!::-** 
& * ^ c t \z fc -a 0 

[00 19] 

[SBfc**r«fcfta>#R] *BHtt« &fi±c:Kjft 
LfcB*7^;uA*-&t;fl|jfta)K7-f 7 

p -b^ tisa-r «fcto©*ftte j: gE£g&f « c t 

£E#)£-fSo ±&BMte. 4b»J»Efc (^D-bxtt 

B«e*«*i:*>-t^B«7-f/wA (tail 

U1CDS i 02/11 5) * % WEBB^-OUAaiSE*: 



In. *y-»Mfcl*X>^*1 2 4>*«»ttatf&0 

0>-«-efcy. f&£ttttft*&&&B <fci*.«, EM© 

S I02 13/Si3N4 1 4<&;|g£J§) Ic^oTzi 
[0020] **flB©B«fcB-r6Hy. »*Ll^tt 
£t2BBatttttt£«t?%££±-f «gft 

-x^^>^BB«lc«fr#ifc <tHBtt&£KyA*i 

*»lwEpjio*K *iflE)»*»fi i BB©tt»«* 

«>BW±* t*l*h©A/DtH«Tff< ^*;U«*f= 
*B**U 5RlwB^«iBJ3J:T;»«a>f=tol='T-f i?>JU 

^tt»Ef-f9^^a*S«iLt, %«LjESHbLfc 

tiLftoy-fH (tzt^it. 1/4BHII) A<fc4c£A«}(iB 
[002 1] *BB0>*af=J:*iri. x*^»&£|gg 
Btt7-r;uA©^»JSEf=j:y. BB:7-r;i, 

A<Z>±^ b7 4 ;U A/a«©« *B £ ©B<3!>**«# S 
(SttS 1 *fcl4S 2 0)L^-r#iA^— 0>E 

stt7^^A/SBa>«*B-eatt 

B) **-T«Ct3&<»^or^6 D WEBf^flDff 

* e f tBJRi::£IF£*i«. ccoig^. B4a>ffd e f 

* aijdt-r *i?n=«fl- s a>Btta>BB$B9j-r 4 c t * pi 

i:t^gt?fc4o <^f3 % c*u6a>BK*B«Lt»BB 

ACD±ffi*6CCDB«lLfcatt*Tf»Br*a>fciBB<t 

BSfHI*. fFfffiB#H (rate time) RT <RTIiRT1$ 

fer±RT2©^-f*i^-**aii*f *) Lfc*< 
or. «»«Fp H iRTf*. ca>«fe5tt*-f s^^s{t*-r 

^<T*«Lfci*HBaB«-efi4. &iz % c<DS«Lfc 
BB (P*^*+l4) taaa>ffifflt<DlHa>ifp©Kx 

(xttx i *fcttx 2G)i\-r*i3^-*sBi»-r*) 
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^A (AI£A 1 ^fcl*A2^l^r+t^— 
IZ<fcoTg2*t4 0 §&©ffi^©ffi#©J?££(7>ffigtfZ 
*Tl£-f 4S$y©J£2D <DliDl£fcfiD2©L^;h.A> 

-^^t^-r^) i±ssizft*-r4z±:i&<T*#4 0 

IZ V ZtlZtoT— £A. X, D[Z£oT^£;h,4X 
:/J!v<7>-£ST (STliSTl^fc|j:ST2G)L\f 

x^v^*©^xnizonTaa#e>t/ 
• x hs/:/A«jE«fzgBS*L*. flMMMHix h-* 

a-ractjc^-aTae-ricfcti?**. z©x->* 

IUflSWIi3>lfa-Sl:A*ih4. 

[0 0 2 2] ^fZ, SSq D B ^X/M±, □ VfcTi — *©«» 

^'e^— *i*ima!RLfcaffifcBHL* -goaitx* 

hLT»B©fiifi£fciti'#-4. z©fB % =i>t*i 

fl£U ^^fToTX^^V^JgER (ERfiER 

*. z*i&©!Hi#/4* **i*h©»*«#s 1 fcjztf s 

2 ^drlcHfT^^^o re&©2o©<I{it©5*>©^l,v* 

ic^-r^fjic s ±is©iM»? j fx h®e 30 

ftt Ltfta<Di*fits 1 * fcr*s 2 sa«r 4* £ 

^ &Bff*©)»* *T?BBrr *fc*>©Ry ©x * ^->>f b* 

BdtSStS-Tft. z:©B3IBd t f±, dt=D/ERi: 
l*3B«t?«*4i«, 3Slglz s &**i-^s 1 2 
©«!©«*. ±IE©iI« J rX K 3ttff=aStt. jEtt 

££J&*lZlT4t=ttlZfl!(tfHI^S' Ifc^tfS* 2IZOH 

[0023] S«7-f ;uAa>H8r*o«6otA«*-afc 

«a^x©3ft«**±i-4fcttfziH«©»s cl^ 

[0 0 2 4] LfeMot, *«IBOB«7-fiUASBf^. 

i*. x^^>yjw«3FjEattfijs. -rate*, bb?* 
attatJ4*«rc*as. *jfiw©*»izj;Jh.tf, flfig 



iz % ««7-f juA/*«a)tt»a^6SEa^ti*>*i.*. 

©*ft*flmrr*. mfe?n*xiz®iiio)Wzn7 4 jua 

±tfBBIU*Ui. B4©ffd£i*©BB:7<rjl'A©K 
*«IH©*afi % H 1 *#BB-T « c t |z«fc y JtfElzsK L 

tt«««lc«B+* c fc 4o 
[oo2 5] *«BO)1ttt?ft«^B49tL«trBa>mi 

©*©* ft&tflc*Jft?B©ft©S»j3j:tf¥iJj{Stt, JSW 
HBlcBaLTfelTf=^-r«^©»* Ll^3llfiB©Bft 

[0 0 2 6] 

[%QH©£tt©»B] &izia3 &&mirh£+ mmz 

2 0»*t\ flkg-f^fe. l*!t*y'j3>-^x/\2 

4*«J#-r4Tffi»«©»-b7* 2 3*»iJBfcx^ 

«iiil2 2t N RF13S2 S£frt>*LWmzmf$,£ft& 
K^-f • x^f>yg§2 1 £#t\ *»W©Jft5Uz ( fc 

*Lli. x^^ffliaB2 2f3ii % BfflttA#ft-Ox/\2 
4*K»-e#*J:3iz, BB?«£A7»aH©tmfr& 
■e'Sfc*tt< fct 1 orog^fcii©?#S2 6*<Kif & 
+iT^4zt^Dr^-efe4o i*< ^©ssiz^y. 
BBA»fl*<*«tz»* L 03 lz*-r^S©S|teSS 
'9roit % ©•l:*B2 6A^jBiaiB2 2©±fflBffirzttB'r 
4o ^©jS-eBaftx^^^yBBtUTtt, m»©m 

~^XA • ?7X7 « X>y^ - tJ7^$$^R I E % V 
— ;UT* 4 A M E J U ^> g > 5 0 0 O tfAPPL i ED MATE 
RIALS INCtt ^yiWE^HTL^ 

4c c©£*f -Jmv— ;u"C(i, 2 3 

y. fflBfi©Bffl3W7-xiz«B4*Lfct5-*©«B 
2o©BB|«rzBflfeLfc^?fT2 7tt. 

L^4^. C©,fc9^?I^b©&tti©5iJgfi s ^Fal. &x 
BBBft©B»fcLTBfl;^4. 

[0 0 2 7] S/XT-A2 0I*. *«H0>B££B2 8£ 
ihiz^\ *S29tt. *^-^306J:tfal/^ 
t> • 1/>X3 1 $^^LT±al©^g?^2 6A^b't?x/^^ 

^ q a n Oxy\0fZ^L5 4Xii^^ 1 2©*^ft©« 
6^**B*-T6fc«>, *«P<t*2BB©«S©a* 
LI *3,fetfL2*lt8|-r*o ZHlZglLT, jt352 9© 
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(H g ) ^tc/i7;u=r> (Ar) 5 © 
L^r*i*^3Sa-eft«o *«29tt % uvp (#h*»j 
7*;ux7W1*:/;tf?yx;w **&8E58*jIiTI*6*t 

;U9O-002O-O1ft£\ 2 5 4-5 7 9 nm(D|fliO)SlS 

*S^t*<»*LL^ UNIPHASE <*B* 'J 73jrJI/X7« 
■?>tM ^bl£3cc!FtvTL^S^-TJH 108Pfti?fl) 

2 0©#feU— tfO)«ft14- (**i^*L4<«rtH2a!8fl!)» to 

*©a**^ MftS2 9i=a^-r**5ic*fl5> 

;U3 2fw^oT^m^^^o «E«^"?il/3 0j3cktf 

3 2^»|jc-J-6*t»3te7T^/<l*. ^x/\2 4|rftL 
T SHftlSlSR!-©ft*ll * *r & £ ? (ciSM 4 4iT 

WFS©jtlt!B«'ett, 1 K<B:77*f/<*flMWS«fc 
3i-*iftrfffilctt^T6#irL^S 0 ft>r— ?JU3 
0fe«fctf3 21i, *<Z>«fc5tE*l=ttr3fc7T-f/«^6«| 
»*HTl^S 8 ft*— ?JU3 2 Afc«fctf3 2BI*. ft* 30 
-^;U3 26»Ji-ra77-f/<^6JBia4*LTL^. fc 
t£U 3igytf)ft*— ;7;U3 O, 3 2A % 32B*6ft 
4«"(?*+»-(?fc«i:JBt)*i*o *<r-'?;U3 0J3«J:« 
3 21*. SlttA#fl"e r >x/\2 4*a»LT:L^S« 
X3 1I4, ©f^2 6A\t»^x/\2 4irspff*«tffl 
flW"6 0 **i-t*UDft*—:7/ui* % ^x/\2 4<7>Jt&M 

f £Sffi L ft lt*ili& b ft l\> ft*- 3 
2Afc ( fctf 3 2BI4, ^*tf3 3AfccfcU:3 3BIC^H 
«1««S;|VCI**. &^ft#fttt<t LTI4. SOFIE IN 40 
ST Arpajon) ^ rpflE^tiTlN-SDIGISEM,!: 

*tt7>^2 9^6tta**t6*fe«a>4»s©afi; 

&*y*n>—*i::j:«3Tg<t8i&*u :^^p> 



ftft3 3 Afc«fctf 3 3 B^itW-b^ ill 

/vtMi, 7>t-xij7x (ffiiaao 

>t?a--**:A:fl)«4a/#«f3.=:«y h3 6 fc*#t\ ffl 
3i/»«3.- V h3 4(CEPJra4ti4o attic, =i>bfi 

-^3 er* % 7+py^»«#ta-r»*fi^s 1 
tfs2t, ^^4la)^{t^i3$^z ( ^:4^a^^g^s , 1 £ 

<fctfS* 2£±j£-f&o 3^fc?iL-$3 6IZI4, 

^37 (£fcl4T-V— K ■ Uza-y .jLHy h^fctt^ 

6/4, ams«»i=^ ht*LTRF«a«n2 5frje 

^£ftfc»]«SS3 Bf=*yx?y^tt31S2 2©Sjltt£E 

c©«3 8^*y, BrSa)Br*<D 
f ta* Lfc«fittte»i=x-/^>yj!iat 

MCwX-r^^7-r4CA:*«-C#i B fctfU SOFIE IN 
ST (7?>7. s Arpajon) 4^6|K3B44iTL^as D At 
^tf*t:i:a>«r»*ttSMt4»*li, #ftS+ 
3 3 £ 1 off itttffl-f 4-i:tT?^4-i lc« » £ 

[0 0 2 8] H4I4 % =1 U^7^ • Lx>X3 1 ^AyHfe 

/\^y>y4 0^&*R«Jc*ja*4i63y • -b 
^^3>39^Sai:^LtLN§ 0 /\Ov>?4 0l4, 

i=»»4iir^43ilt^— ^JU3 ofecfci/3 2* st it Aii 
64iS «fc3l-ftoTL^4. -9->^;u • ^x/\iriajit6*i 

^U3 2««S) ft«a>3&««H4 7?l*»H*#4 11? 

l]4iz^-r^5i-, -i?x/\2 4a>*#t^KB3Wa 

ItSil^o 

[0029] 

^ixbC0^x/\[C^^itT vXxA2 O ^gtiE-T-i) 

l; xv^»A*is»t»s-r*^i:3W^5r*-eft 

«LTLxftlt*ilift6ftl^ 0 JUTa>IftB^i?ii % )94a)H 
mSco ftfi iz o x WRt o 

[0 0 3 0] i/XfA2 0^)®iE 
A) ifLI *5,fctfL2G>ii« 

a«iftafita«r«fc«)fl!)»iitJaTf=^-r. -cog 
a«i&*a5>^2 9fl!)a«^*s*4i« 0 a 
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S***a«^"4. HSI'tt, SJS^x/\<7)s i 02B1 
coM^nii, 2£^$-f ST^rroJi©!?* 

T*l±. Eli6 5 0 nmfCftlj* e 1*6 5 n mlCfc tj (a 10 
0. 0 2l=ttoTl*«. *-fSS1fc % a*LfcS»L1 

6at^. *kkh::, s i 02H1 si*. K*©a«-ea 

WT?ftfttUftt&ttl*. »2I=. »KLfc«fiL 1 fed: 

KliiLm i nJ:y*S<. l-fttet, L 1 > Lm i n 
fey. L2>Lml n-e&4Ci:3W3FpI*7ffcft ft CO 

& 0 eiToawctt. ««ic«ky. L2>Li-ca&££ 

SSt^ D £31;:, IE«££CDfc#). L 1 fcefc L 2 |CD 
lfe*tfL2£aiRLfc**T?tu <I*§-s US2irO) 

<R&ih^"SCtfca-5) 0 Lmin = 3B5nm 
(C/cC^ J: 5(C S e = 65nmi:N = 1. 48£Od 5 J z £? 

^|§t*li2 54-579 n mfl>|BH<D^a(B<i:Jftfi* 

i n0)1- C±l=&**tifil^SR*fl)tt*<L 1 =4 0 4. 
7nmH2 = 435. 8 n mt**h^& "Cfc-So 40 

2jf 1 5C)S»T^N(7)|lF^^A^ofc<aL^^, * 
[003 1] B) xy?tt£JH££«4)ft$: 50 



*#*<»&*i« D c©<fc5tttttti:: ( fcy, ^u-^gr 

fctt=JVIfi— ^tt>XTA2 0fl)*BO)***Nft«JJ 

I*. *<DS i 02)H 5©W*^«iffl|Ctt* % -Tftte 
E=6 50nmM6'5xyNtfe^) *fcIi*<BP 
*V hCDff^OglD a B^x/\(Dl>-ftl^-efc^S! l 50xy\^ 

(x^^«jfi«aaw**a^-4fc4&) % ^©±-e 
it. tti«to»H**«»aiaf=*yx«y^>^ff^ 

xy^»jfi*JSIt*©*S^ftJ|I»:i:. *(0ffifflm<0tz 
<fc|cSiJ4)T EOS S i 02<*»X-r^^+f-*-V , J-\» 

#tH::fcScfc3T?fc*. *<0«fc5l-IMM"6i:, *fl>a 

v h©»y©«a^x/\tti»3iKtffi«*tt*)rfc*«i 
T-rftfcwcMttas^x/xittffl+ijid-ct. « 

•3l*Ttt. «*©fcttl=WB»<ma'5x/\^6(SjE* 
*i 4KRM-© x ^ > L "C KIT izfftBJ-T « . 

[0 0 3 2] *f , R 1 E'>— ;U2 1 fllC'Jx/xKStfi 
*®<o »^L1fc e fct;L2©2SS©«Cl*m^^* 
JS^tK^7>^2 9lc<*:or^L. ±«fl)fSB2 6 
J=IS*LT^x/\Ktt>i2 4*8B»-r*. ^x/\HSI= 
J:S£lt*|im-?^3 2ASJ:tf3 2 Bl=<fcy» 
3t|f 3 3 3 SfrEnibp-rSo JKliX-/ h 3 4 

[0 0 3 3] x-y*. ^n-bxfc*©E4l3WH»**t4 
i:. fc*i , 6l=»*«-3 3Ate < ktf3 3B4«7-*-nyT» 
MS 1 fe itf S 2 StiUftiJttti. C*LP>0>{i*§- 
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«-§-si*5«fctfS2 mo&ibCDtztb* S1S 

&SHI*ls' 1 JSAtfS - 2**±f «. ftttd^s* 1 
fc^tfs' 2tt. aa»f=(4H»a>*5l=, 15iSS&£ 

ami** »e-r4tt*«#*«affl*aaiLfcfc#rcff 

a*«*a>affi*ffla-r*j:yjEai-c»**. cms, io 

[0 0 3 4] *fc, *«BBO)Ea*ISfl> 2o©tft/<7 
* -* . ^#*3*>. *#i**ili©Sft* LUL2 l=H-f * 

*s 1 s 2 tflWMB^s' i s' 2d!)S»a) 
■eft, 0J5£lc-f Hi *#RLTlJ*Lfc«*& 

[0035] xhyymkm&ftwki*?*^*^ 
(^5^bA^o^t?i^^ft4li8il^^3fe^) it. JsiT^Ba 
r ft**sijaMs»a©sttfc*w*«tx y+n&ws. 

[003 6] X h^:7Jl/<5>— $ 

**BBa>jsraicj:fcfi % xy^«jgft % fi&ay&ftfraw 

fl>a*"e!8JS**ifc<fc5f=TEos s i 02SS1 6 

OS Si 02/S i 2NA0)&ftm 1 6 a**&#tt6#l 

0 5 (Z^-f £ 5 (CS^^S (SltS 1 *fcliS20>l% 
"TtL^^Sl*^^) OTSftgtfTEOS S i 02/ 
S i3N4 4>tt£lffil 6a-ea*ffl**-r4i:U5»3Ea 
gfcg-^TU*. *0)«Slft* *D^S i 02jf1 5G>'£ 

»»Et. x^^>irji!i3i©«7i*f=«oTiMait!Kii; 

3^6»^OJ§»0)i:C?»*t?BrgO<i**-rftCi:6*Ji 

^x/v^z/p-fexSHBiicj:^ *0)R*aA«4f 40 
fl><fc5«£*fln?fcoT4,, iI^S(7)JlffiaT (TftT1 

*fcitT2©^r*ii^*si*'r*) itisi-i->is 0 *b 
*) fcot^n$so)a«*fT-3T^4fl>7f. fif#o> 

E f fr^fS-T 1 6 c tf£*«#s 5 

2o4>®teoii9£fcitmMi*is' (s'fts' 1 *tft 

S' 2©L^r*L**Sl»f *) fl&2-3<7HfPfl!>|H % +tZ 

#oT. g&OJlfitlt. H5l=«'ri8#-c*f4*JBMT % 



wis-raw^ditts'oaa^pftaffii sc^bBr 

£(7>S§j&D (DftD 1 *fcl*D 2a>t^r*lA>*K | *"*" 

e a k 1 6 c ^orpioaa^aiB-r «(§iait^(=3KM 

ZhZo 3981=1** -tilt. C91 6 cdii-r&^-cjE 

[0037] 4x/\Rtt*0>i|«* M«El:i:^ S 
*i§*|S 1 (Cgl-f^S® 1 6 b^ftftBl 6 
JIta±<7>JgJH&K 1 (1) «Mtr4C*A«-e#4. C 
©Bit* K1 (1) = ( 2 x n x E ) /L1= (2X 
1. 48X650) /404. 7 = 4. 7 5. Lfctfo 
tE = 4. 75 Tl (fi#S 14>Bttl) <7>cfc5fC% 

<£><> HS^6W 6^4*5^ (1) It. ft 

^H6a (*£*fiI<Z>££) i:Slfl)g*e (ffrGttff 
SI 6 a Av^) ^(7)^0)0. 5jg&<t. SfeO>4lHl<Z>*f?f| 
ffl±H*i:, ASfC&B 1 6 bfCil-f&i-COO. 25 

■ ^P-t?X(7)$l7B#fcaorL>^:ft 
ftli&bfc^TEOS S i 02^1 5fl)J?£<7>f[gliBE 

away, Efic^^ 0 co>a«waa>mRT 1 

l-Slft^4Ci:A<T*^^ 0 E f = 1 OOn mffeS^lD 
«-Cft, (2) tfKI (2) = (2XNXE 

f) /L1= (2X 1. 48X 1 00) /404. 7 = 

0. 7 3. LfctfoTEf=0. 7 3 T 1 

£0 CCOfillt. 0. 5 T1 <Wa*©2 0a«tt<DKI) 
** 0. 2 3 T 1 ±a>Aff-*?fc*. CtL^^fSft. * 

*>ft y^J?E0)^lzSSl 6 bir 1 6 c£ (Dm 
4HfPCD&A<K1 (1) -K1 (2) =4. 02= (8 
X 1/2 + 0. 02) fr&3Rtt&*u S»T* 
&44fP0)BK1 (3) ltK1 (3) =8T^^o 
C*i&(01fPft, H5T*lt3tLt?Sl^ttTt>4l ~8<7>$E 

aa)a^t?^*^a fi#s2fcJ:^s , 2fcii-r^i® 
y. s*is-r^aK2 m tK2 (2) tts^-r-sct 

A<-e*«. K2 (1) » (2XNXE) /L2 = 4. 4 

1. LfcA<oTE=4. 4 1 T2 ( T 2 fi«# S 2 O 
S^T-fe^) . K2 (2) = (2XNXEf) /L2 = 
0. 68. Lt^oTE f=0. 68 T2. K2 

(1) -K2 (2) 7 3-CfcaO-C. ±|B©affl 

l=*yK2 (3) =7|CfeSo CHbCDifPlt. @5T* 

[0 0 3 8] UML. *XH4>E«£&J=J:*LI2* 4fP 
0)*^>hlt. x*y^ • ^□-trXA<te*oTA^b^r^a> 
»ffi«f*BB»**i&. CflDiEEl*. JSIT«#*IHRT 

(RTftRTI *fcl±RT2(?>L^r*t**«l*-r*) t 

ft.&*l4o IS^KKRTtlt. ^x/^X^^V^+fC 

3T#©[uaa)S^, *jtttfctti?a>»*fli*3W«a-cfc 
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ft* (Lfc^ot, 

SL, S*«*s ife*tfs 2*]E«fl:-rSfl>l=ift«3S: 
BMB***Lfc«WMrc**. «»BMHlRTtfcB+ 

ffi*8S* IfcSttflMfqtf (1) <t^£*LTfc 

y, itsisttfs' i<D«»fliiHRTi4<Rrat o 

*tt»Lfci:*l:: (5) t^**iTL>41fn|=*Ba-rs 
i:iJtl>o BSj^&W 31::* -tfn (5) (A> 10 
•>>Krtt***iau) £§&<7>-fcfn (i) tomon 

na>&x 1 (*4fZ&a o Stfltx 1(iST1 /\^>-£<7) 

«-r«#a*iHRT24<4zQ (5-) f=»jt-r*tas-r 

ft) o B5*&W&*a:J:3f::, 4f-S|S 2 S* 2 

4>tt#l*IH R T 2 tttt#ftlH RT1t liJtfc y x s**i 
1 i s 2i©IB(ctt. *«"C*<i:i^jaffl*A*Stt"t- 
ft. H5fl>a* % Mll©BR^x K**£#fTb 
JiftSSlMW-ett. tt2lMT»a)MmilT r (T r 20 

ttT r 1 £fcliT r 2 <DlvTihfr |-fcft 

ft. s*<i-*is 1 ts 2ko>m\z\tmmmtf?f&? ft e 

[0039] /<7*-*ST(DJS2©|*#tt, 
SO»tta>SfllA:ftSl 6 cj:Ona>jEttD (DI*D 1 
*tnliD2a>L>r^^$sI*1-ft) "Cfcfto 1JHJBTI:: 
»Jfc*ftK«l±L/2xN|::ftft 0 JSgtD 
I*. D=L/2xN-Ef < b^9SilUoTiIlC§ 

6ft6o ±E<0Rtt*ttflT*-6i:* D 1=404. 7/ 
(2X1. 48) - 1 0 0 = 3 7 nrru D 2 = 4 3 5. 

8/(2x1. 48) -1 00=47 nmT*fcft 0 30 
[0 0 4 0] Wk\Z % 3t*A-CS4i|xftK3fl>d£#tt, 

^ x/x&g&tfKO L*T«#«Rf] R T 4<«a Lfc*l=«» 

s* ia>-ifp (5) tt. TR^KioTartSslxft. 

izzOf&ftZ&V A*ift C £ (*fl5ttA<fcft C i:-efcft . 
11^-^ (TRSfcl*«'>«S»> "Cii, «#Ai<lB 40 

TM**20>tt*fctt## <fcfc*tf % a = 
™) -es^^fto 

[0 04 1] Lfctfot, B*-ttftl::f4 % Xh7?g 
A7^-^STA<A X D tl^O D — K (D|it;> 

/*7*-*STl4. iftftL 1 J3J:0:L2<3!)-ttlf r *L(=-D 
X^^»/^>->ST16 ( |:tfST2lt ST1= 50 



+ 4 37, ST2=+ 4 4 7T?g£*lfto C<7> 
2ffiH4>;fcgL 1 fe«ttfL2 (tC&WlcWlS-rft 

JSItflT 1 teitfT 2) A^f^lcJt&ftfl)^ S^X 1 

j3*tfx2i*Hi:nt**rr4 (xi=x2=4) e 

StfSttD 1 fcJ:tfD2tt«fto-CL*ft. 
[0 0 4 2] «#B»H/<7>-* 

tto>.feftS**jHR-e#fti:5ic-rftfc«)iz, 

S*<^-c?fefto CtU^&LTv x«/^ • :7P-feX<7)M 
*B«-r^*^t»3E-rfttl*, £*ft#S 1 fccfctfs 

ca>j«nB*i=lkHfl!)a*tfftv 
p a B ^x/\fcoL\r^t7>8ifi|{cgL/c^#fzSiya)x^ 
>^iisHi*fHM- ft oiz&mtasnsx. v t > 9mA e 

R**£1"fto x^^>yjigER<DJU£fi,>>^-f 
>*c6tfi=:a»-efr*>*ifta>-e*«icjE«-efey % *<z> 

■Oi^^>^*#izK*/=JBB-i-4. C«>J:3*Btt 

[0 0 4 3] «»lftHRTfl)ati:ii % i9r#<Z>B 

£fc&©**«^si*fciiS2*«»ft-e 
■fcft*> (LfcA^T, £<DSftd<£&a£ a efcftA*) * 

x*y^>yjsEtais-r4i=(*, -*ja^-c<Di 

fto C(7>ii^, ^ttfX Ha«ll±*H»TlZ3S:ft 0 LA^ 
U »»l<i:«|H»«tt^-«l<tL^«ftli, IE?li$^gA6 

4fcArc < ky*<©7 L x h^^rdctA^-e^fto znjj 

&iz-Di\Tit % ismtotztb* asi-^-rm-ts i feck 

tfs- 1 «#HLTBWrt-ft. fl^S' 1 O>^0ifP 

(i) *«iiffl±a)aftA^&i»^**i-cL\ftad, -ti 
lis *d (2) % o) % (4) 3wa«f-xh«cdwi-e 
feftci:^S[*1-fto C0JBBH*««**iTL>5a>i». 
*©»jft-cttfflRrtlftJRi©Hfa(±i?a (5) -efcy. 
^W4*n (1) lcjf-rftfcA<D2H«Tir=*Lt^» 

ftUIBT r 1 ICjtJt-Tft. CO>l*ejBPflT r X^y 

^>^aKER 1 ta£-rftfl>f=jaR4asa(c»fTi-ft 
©i=+»-efcftfca^#ift. *a>ttft, ca>^xy\KU 

"TftlBy. Haft«»i»|HRT 1 1*4. 7 5 T1-3 
T1=1. 7 5 THCfcfttt-f-e&i. ^ft®E0) 

r=ift*<tB»RIJ tOf*. t0 = RTl = (1. 75XL1 
X60) / (1 40X2XN) =10 3»"CfvJH4 
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S5Tf4) . c©5KRTi#fttt7<;i,*tfi 

»fci=iiiT4«rita>*fr^a«ii=3iia**iT^4a#t 

l±. fx h/MSttBT r 1 inHLTi-tfn (5) i?|± 

a<*p (6) fecfci/ (7) ©atfas^fc-afcit-fT? io 

TtlBtta>Jiftj6«aTf*** 0 Lfctf-aT, tt^KMR 
[0 0 4 4] :*i^^7>-*ST33«l:i;RT 

4* teos s i 02H 1 sa>ay©BS^»S* 

BM*««jHLfc8L »«7-fiU**«*jailZ!S:y, £*{f 
*3&<jE«fc**L, *f*tt»©«fc3l::««-& 30 

[00 45] B) ggOi/^liyf - ^P-trXCDM 

a 

Br*© « * * "CiEBlzx ^ ^ ^ -y-T 4 - i: <©B L * tiH 
<Z>T?fc4 0 B6**&B/|&j&*& ( fc3r;: % Sa^x/\0)x? 

[oo4 6] x^^«jj[«gaj|i3fl(tirsea>*3f=»3E* 40 

hyZ/JlE f jUAtttSfrTi K^-f • x*/ 

LTt^So *10)l!(ai±* S i 02/S i3N4 0>8tffB 

1 6aA>bs i 02]§i 5o>ay(DB4*afiKa-r* 

C^Tfcot, S i 02§1 5 0)±I1 6b^b^)I'y 

n>fxi*m&t&z.ki*itui\ $2 ansa* * 

041 P -fe X KB != * 4 tf * ©ISM e IC £ o T?*£ 4 
'>ft<i*2BBfl>***ttfl+*zfc-efc4 # coo* 50 



3l=2BBoaft«ttffl-rftCfcl=J:y, ^^ie 

#fi£Sft*^ffitta>&4»fi<Diftft*s i 02B1 5 
0>Bft«W C 4. vXf 

A 2 0 ©gtlEic^ffl -T 4 ^ x / H C $ -f 7<DS! 

tv B7t#BLTfilTI=»B+4. 
[0047] S/X J fA2 0*^jE5tL4i:. fOD^h 

(#7>x6D 0 s/xxAtt«raa)«k3i=fliB**L. 

^x/\tt»fi L 1 fciitfL 2 fc**6tt»Be*t?*-c 
B»4*l« (#-;5^6 2) o ^b0agLifc^l/ 
L2te7K**X6 3l=J:4J&£©«S*rt-4* # 
•y^X 6 4 J: 5 x ^ • ^P-b^A<Btt**i 
4* S*<t-^S 1 S 2 k*H? *UD«»«#S' 

*^X6 5) . • ^n-irx^jifTr4Pa, u>tr 

s 1 /s' 1 jsiiXs 2/s' 

RT2*<B3M-4*T»* =ir/t!a— *3 6{±imEe*» 
S1/S'1 fc*tfS 2/S' 2fl)if77Slt<. »=3 
>t?zL— *f±. *^^X6 6J=,fcy#a*ll*^i:fz^ 

lcff*7*t4) o **«rzl±, ffi#<Z>g£E f fz#j£-T4 

bbi e clwB■r4^^^l=«»«*s , 1 fe^i/s' 2©g 

1 1 fc«fctfS 2/S' 2$tfc^-T4 0 *fc* x^ 

>^&gER 1 fe«fctfER2ttHf-r4. 2O0HfD 

(i) <t (i'> a>o*><x>mi*isiz&t&m^ mtm 

»y<WWBd t 1 £fct*d t 2**3g-r4. BA0>ff# 
»A<S 1 T-&4tS£-T4i: s -trP (1 ) fz^ 

LffB, fcf£*>(ca>t^-^(±ay©^Hd t 1 (B 
f=tHfLfctO» £0£t?*0>K • ^0>L, B30> 

^3 8 S*LXX V f >{f • ^DtXS»±t*. *© 

1 6 cT*iE5tlz^T-r4o 7K^^X6 7 7?*tt**ifcx 
*v 7Kjfef(SB4i«ttB LxXv 0 x 6 6 -eBfTSH* 

[0 0 4 8] WBftofcft, *6(=«*s 1 n*xfs l 

T 1 A<jgii L fcSlc a > tf i— * g&K&tfi f 4 -tf P 
[*, x^^^<f©HtejS (/\^^ • % /— >n«)ifCl36^ 
IC/Si:T. -tfO (5) ^trfi-tfP (4) ©L^r*lAMC3t 

4c c©*BA*£i*tr±WJH"ei*ftc\, tL\-5a)ii, 
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S«fc9f::f&i£jKS^b"e&So Chit. LOLmi 
nfOS4b«t9>SafiL 1 S T 1 = A 1 X1 D1 
= + 4 3 7 h'V ?J5/<7>-^0)^A 1 

fcE+efXfcoTL***^ E£ (*B1 6 b"T*t = 

o.) *&aii*m«$ljS)Hri« 4fp (6) oii&fcftBtt 
ar=»H**b4T»«* (ai=+) o-tfp (5) ic* 

* 0 a>bfi— $(4, CGH?P (5) A*&4-3<ZM?P 

(XI =4) SW-JJU fc***0>h*&l**Lftlt 
ft fettle t^BBW-*. cftfcaLT. SfiiOx 

n*iae«*M8(4*p (4) oitfaojgjs cmi 6b' 

T*t=o) 4^6<DRB t"of=»it;t" 4. C(7)ig£\ 3 

>ea-*i4±»te»T?«to©4fp*aai-r4<o7?, 4 

^04fn*fct£%f::*O:/hU -tfP (4) £*0;br> 20 

£*i£-t?PI4. HSWBRT 1 7>«»4i««imBftnin 
A<g$Lf=££lz, -tfn (4) icfcS, fi#S2fiJ;lf 
S' 2f=tBI«©a*A<a-Cf4*S. Lfc^ot, 

y . * bihubjh t o^ffit^u i ju&T 1 ^<7)-t?p 

(5) ©HUIZ«*-r*. -Tft*?^. Tmi nfc»L^ 

flSBBIHUB t f o~t"of4, H6*^bW&4^j:5lcJaJB 
T1«fcyfil^ C©1$«M4. Stt*(D^5tAv**KASt= 30 

[0049] wa<7>x^«j5-ei^ ■ ?P4?X£$| 

Lfctfor, ayo>WFiHf4. Sfft0>&filft*&«Bi e c 

yoWPold it lcf4. x^f^^lBEROlSStgtft 
MW&ft. ^<Dx^>y»yfl«Hd 1 14, dt=D 
/ER-C^SWo Df4X h-V^gS T;<7 

£^b#^S„ -tOttS. x*y^ • ^P-bXA^jifr 

OL^T. X^^>^2ftER3&<a»-ejElt(=*A6*t 
IMDT?. fcflBJJL fcfcfctt* 06<7){§-S|S' 10M?P 

(4) * (2) i©BfflT«x^^>^aja«i=<fcor 

WtW-f&o S* 1 {1-^(7)2 O0)SM"^S-tfP (4 L 1 /4 

H^KOXy^V^&JlfilERI (1) fci:I/ER1 

(2) ftfcAIC, SKDBStf-lfP (4) £ 

(3) ©HlT!fT3b*U *lC-fc?P (3) £ (2) OfHTfff 



■e, 1SMT 1 n-C2iHia>«S*«fT3h*i*o 

xry^^yitaastfrafcA©»/hftiyi(4. 

fcSfcSBtc-fc-a-c***. C(&>r-X"Cf4. ±Ji$W*< 

gS<fcB#MT?&S<*:9-e. Xyf^tER 1 !4ER 
1= (ER1 (1) + ER1 (2) ) /2T^^Hl)o 
ER2©j*SlCO^TtH«fl)3lA3j<arl4*4, i6 
l=HaLT«*Jh.TL^4ailRa)3ISfcT?f4, ER 1 = 1 4 
Onm/»* ER2=145nm/K«:ttf^ 

[0 0 5 0] ffiH+©Sft^xy\©tt£<©H*f»Nf=£ 

fri$G)<tai^, -*-er*HfPtt«: (4) £ (3) ®n* 

1 5--3n?l4-tfP&E (3) £ (2) 0)&lfl)pl-fl)2^ 
s'SStidfflSjWtlcBIL, m2©^^zT»Jf4x 

v*v*aa«ERi::n*r*. tffc&saiRr*** 

*«je-r Lt<i#*ts 1 /s' 1 1 s 

2/S' 2ib(7)tb^l4=I>fzL — ^ 3 SlZ^oTfrfctt 
SA<. Z*U4. x*X/<-»h • i/XrA*fcl4xjL-p 
> - ^-*o;Jp*?*a>ttJH£$i\ i*<-3fro*ft 

^THIW*. «fi-t, :^ibOfx H4. «#Sts 1 
/s' i fcHLTBttW*. -tLbO^X M4, 

i ©20fl)5HK-r4att-e©JWi i 1 <t i 2 (C*L 

&f4««auei=itttBii-ra) . -bp (4) t o) t 

©Mfc<fctf-t?P (3) (2) i:^7)F«1Qla«*^i^s , 1 
0)fi#\zvi*X2va>ma+h^aa>nam&k7—T 

|g20*x=r»JG)^x h(4. H-»B«t>^*ftft 

x^^>^aaa3e«fr5cti=&y. *a>mimm\z 
3 6^x^^v^agEttffl*«*:»bftttm-r4t, 

TSHSI4-r^&So «#»S 2>S f 2iXOL>Tt|Hl 

[005 1] f$^.fX % Bf2©S*«#lC-3l*T»**<S 
^tA^^b^^ft0^tt'^4. l^T*4»«8^3 > ^a- ^ ic 

t4»*3W*v*A6 8f=J:ya«**ii. fi^Sli: 
S 2^4^T3liS6*Jti:^tt-e^*4^rL^Sa)T?. itj^oo 
S5iS¥^g!64^C,B^bA^IC-rSC^^4^^3SL^ 0 ^0 
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SIS ^ i / \<D x ^ > ^ £ L T I* 4 Pul Lt-m 
[0 0 5 2) D8fc<*:tf09l;j\ 3>fa-$i3 6 (fe 

©at»t^LT^*. fc£U Z*lb©3lgfcl::ffifflLfc 
Sffl^x/\(«^«!g^6 5 0 nmt?f±ftL^ifcHjES 
Hfcl^o 10 
[00 5 3] ccT?B8«#Brr6£ % HBlztt. x^ 

i *fetts2fl>i^r*i3Ei^3W3awefcy, Lfc^ot» % 
B»nti (2o<oisa«FHt 1 e«ktf f i©5*>©si 20 

*TLT, H9I*. UTIHX*^^ 1 2fc«fctfUBBtff*N 
S\ 5fiftL2(±W635McaTLtt(t*i«&6<i:L^ 

y. «*S2(±fi»ftHWtt3&«*5SLTt^ft*:(t-eiS: 

s 2txyf>ya«fx hfc^feicfcaia-refc 30 

4o 

[00 5 4] jSTF©IBW©fc*>l;:* H6<ZMi*tS 1 tfn 
>tfa-*t±*y^X6 9lCj:yxy^>yttft*»S7 

[0055] ayonnd t k±. aigs- i©«t?a 
(x*/*»fi) *-e»«i-i-4a>fCi»jifti»iaic«a-r 

l=St»Lfcx^^>^a«fiER 1 *ffl«LTL*Si&S 40 

ayowiBd t ii±Di/ERi(c&y, di 

itX h ^ S T 1 * & ff&|i£ 0 £bC:± 

IB£7>»{il^ffifl|-r4A: s D1=3 7nmWU, Ltctf 
oT* d t 1 =3 7 x 6 0/ 1 4 0 = 1 6fWr&6. f§ 
^■S 2©i§£l3\ D2 = 47nm x ER2=1 45nm 
f=J:oT\ »lt-rftayfl>»IBIffiA<d t 2=1 9»t*Sk 

SihTi^stt-r^fe*. c©Bws*<«a-r*£. 
aai e dzau ay©s i 02fsi 5©mg© 



[oo5 6] mmmmtMz$>. •ji/xa^^i 
ltx v ^«ji«isa««»£'r v ?£#8t 

ti=Hfi**LfcK fcfiu waa)«t3i=»a , >x/N* 

[0 0 5 7] COtt«f^±oT|!rE**1*tta>li&-3* 

ftLl=x>^*i 2taa-e#4»*, &6iM**©g 

b*i4o 

[0058] *«M©aa»fltrci* % ^ < o^©tyftg& 
a<oaa*a"e(±» *«-e© (ex-situ) as# 

na)x9-ti^5fta*«a**i40)T?. aSKIH*;*; 

«f=sa-r6^t!WT»#4. aaftmii&atbs 
*u RiEBr^©a4i=:a-r*fl)i=*afc*a3aB*iHt9 
l<&4 0 *fc % aanicfft&tisayos 102B1 
5©»att^ft»-efc*ea. w*nxt*aic«a**L 

y* ? &s*^4o *a«*-r x©*afc«**tei*T'> 
ft<tt2aH©»ea>aa««a-r4wiizj:y % x 

4o l^l. ma©<fc3fc, Bf*a«r-»x-ett/haa-y- 
•iXtoitmk 1 aaa>»sa>a«Kit*affl-r*cfc t 
^b^o isi:, x^^>4ra*a>a*f±, 

y % i7^>^!2 ioMft»ft^ofcft© 
aa&iMii*«a«**i4. 

[0059] ^to^Lt, **Ba>aaf=BLraT 

[0 0 6 0] (1) Sffi±(w^fiJtLfcSm^^;UA«% 

®^-<;uA©0f%a>j?*E f (^-r^^friBx^^^^ 

*eBMfz»7-r*Ci©"C*«xvT>y • vXxA 
(zfiur. (a) ©-?:#B**U x^Tjt&31©fctolr 

i>E«a*aitA*i4x^^jBiast* (b) 4xnx 
y**i^>«c< 2aa©jft«**tr*««fr4* 

E©-F*as^LTi9Eaa©aB*Bitrftfcto(=tt 
Efta*sfr&©ft*»au «»Eaa3&^6E»Lfc« 
*»»*jtt**st. (d) aE%^¥«i=tte$tL 
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^«i-*»3tft¥Si:s (e) m^saa/^ffi^sts 

X o r e. 0r5t ©^fflSffiS 299 £ fc l±f¥«B#R>ra 
Sit Sfc«)l~BiIfiBS*<I^<DjKJ60)JtlM±i llrfBx 

(2) ®&m^w£/#m^wn*fTibix&m*3-<r>&tt 
%\z^x'fHr>*i&=.t&ii®itth. ±ffi (i) lege 

(4) m&&&%L&Km<. fcmv^y* >\n?^-=7 
*tsc£ ±12 o) i=tB«©->7.xju 0 

±S (3) f-KWUD^Xf-A. 

(6) siriBA^e^. *BMf-m5fcL'>x*e,«ja<k 

H£Mtjte^£££<fcC:i:£!t$«£-f -5u ±IH (1) 

(7) x-v^V^EdKO^^^fgi-j-^^t-ftigSpt, 

■trA^i&l:: <fc S^ffrJ? E £ fflfim N (0ISMA< if <D J: 5 ft 
l-fc^X, flrE£@!!>< (a) *-<Dffijb<4 x N x b (fc*£ 

l, ei±gi(o^r*fc*) \zm n,%*/waj:y**i* 
(b) i)faa)^ts^bisag:^Ai*e-emia«|jg 



i . ( d ) li-sttes/tfffi^fg i: aiem^ifta 

6i?f36fl>«B«aHI»*fcttl i FW»a*l=« B5E£*lt 
#<D*§5£fl>&<iI$£g**s «rES*fl-90*Mr*Htt 

10 £ * -7 V h t & ¥18 i: . HFffiS*«^«>SISaS«©@fil 
£1(rEffi*«>JV$&0moEJI**C-r«?IKj:. flrffi 
S*fi-^l= itoTi»;f >^ilJg£ 8li§<£ £> 1/ 1 ^ 
•0-e»e^-«¥tt&. &ft<flER*7 

WEatR4*ifcab*:fl»i=-3t»ramoB«ii*st*-r* 

20 «. 

(8) <S#SIiS/»«f^fS-eff*5*i.*Bf4(7>^A^ ft 
±B (7) l=ES6fl)Sm. 

(10) MIEJt^¥SA<. *mWI=^itU>X^b<S)$ 
*Jh.*a*t*****trcitW»4:t*, ±E (7) 

(11) Sfi±lC^J$Lfc4iH:JlEi:ffi*r^Na)^m7 

(a) X-y^>-y|ga<7><Df!#S^|6tf6*t 
•y^t, (b) ffflgAUxNxe (fcfc'U, ettttfcS 

#l=SE»f-&Xx-y^i:. (d) ltG7-7-n^'P»«4 

Jf / «7 > - 5> A^e. «tfiE * *l*h5Ex v ^SSjSflSSip £ 
[1] IflBIWmMW?*— *tt. IUE«*<i-%£iE« 
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a>g|{| t MEBf * tfmtii £ #ii ffira>stta>aifta) 
«a>att<D»i::Bar4*2fl>*-* ex) WES 

(D) £l*5 3 0fl>-T-$r (A X D) fr6«flt**L 
(1 2) mEa*«-&f=ot^Tfrte*L&Hf*©»ft*<, 
•3^TfH?*L4Ci:*«rt»i:'rS. ±E (1 1) KEK 

(1 3) £fe±l::Kj£Lfc£ftl*E£Btt*Na>Bft7 

*;i>A£**-4¥«*^x/\4>K7-f 
oT, ?P*x*»lcJ;4l**fl>KSe*B»*<D«e 
n*<^©*5ft4,<OT?fcoTt. «EBB:7^UAfl>iJr 
#0)1?* E f ictelfS K^^f • xyf>{fiB«t8* 
ttfCfeHT. (a) «a^x/\i:Hi:fttt**r4^x 

+ 4x^:7*, (b) x^^>>fttBa>a)*#S4«S 
(c) *a>ffi*<4xNx e fz*|LL^WlJ:U*& 
W-TSXiry^t. (d) #/?0)BJEiSgfCOL\T, Jg 

i-4*«>aee»i6T47*ayT*«*i=ast*4x 

Tv?t* (e) iWE7-*-DyT*«-&^b-T-f 

4fc«>ic«iE7-*- a ^t**** t * 

*J*Mt+&X7-v7t % (f) litEffflittn^lfiH'r 

4£. »s©att^60fJ5(DJ![*3&«ai4**iftafra)* 
*o«tt*T?«rE»*«^fc©»3fea>fca)aBtfci2 

%l:*-»htWf^t, (g) ffJES*^!^ 

oTxv^^ii**3Battf,tff=^>7-<>T?as 

U WESKfiiD^-febJWEBa^-f/uAoajilrftt 
3B^LTL^44^|^1-6fctol=«rEat*«*(0a»a> 
S*»tttliJEx^^>yiiBEa>jtl|j*»«fL, x*J£-f4 

^iSiS"*" ^T7^, ( h ) 

^s*rj=WEiiiR**Lfca*e#f=oL^T«ya)iftia* 

»St4^f^?t, (i) »E»yo>B#BI4«aLfc 
t#r=x^^>y«i3ii»7-j-4xT"y^*ftfcct 

S i 02) 7-f ^A*Bf#(Dfl[**T?«aL-Cspffl<b 

t^f'v 7T*Sft= * *ifctt« h U > * #16 (fb tile > 



£ dBttOBS e »f=*±-T 4 Z £ * 3*1-01? fc 
4o 

[H2] (a) (b) ^m7-r;UA(7)Ji 

SfWieS©a*!z+#3i* LTl*4*e*fcIMBd L 

[B3] SttA»ft-C^x/\©*#i*H«£H»-r4* 

t\ *%aa>eB®txBH'e&4 0 

[B4] B3©«B©»|Hz^^3>a>a*B-efc4« 
[B5] j etl^H0>|g^O;^Llfc < fcyL2fC^l^T 

olvT#£*ifcft^S1fc<*:tfS2*, Bfit4af=J:o 
T^H^b^tL-FtLa^Lfc^S' 1 fijEtfS' 2 0» 

[06] «*0>KSo*#JtLfci:#©B5a>«#*^ 

■TB-efe4 0 

20 [B7] *»Mlc < ky»S±|=»rtLfcB«7-f^A* 

Bf#a>B**T*«a-i-4 K^-r * x^^>^^gm-r4 

*ft©B«XTry^SS-*'a*LBi?fe4o 
[0 b] W*a>»fi4<B«7-r;tAa>B»r*NjziB*L 

»**1-H"c&4. 

[09] «-&s2o>afi4<«rEB*f*Niza*LTtv3a: 

i^*«©B-i-s 1 /S' 1 <t S 2/S 1 2(DSHSa>B»$ 
^■fi!T*SD4o 
[tWflDKB] 
30 2 0 X^V^fc^t/lSia^X^A 

21 K5-f ' x-/^VifKB 

22 xs/^-JiaiS 

23 ^HSttflD-y-b^* 
2 4 i/'Ja^^i/N 
2 5 RF^iS 

2 6 0)f ^ 

2 7 ^7X7 

2 8 E«gg 

2 9 ftffi 

40 3 0 #>r— 

3 1 • U>X 
3 2 A^»^;u 

3 2A 

3 2 B %*T—-J)\, 

33 A #3fc«- 

3 3 B #ftft 

3 4 jll/Ma-^ h 

3 5 ZL-yh 

3 6 »3S/»*fi=ryK 
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3 s mmm 

[13] 
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[09] 
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•7^ 'j-y?- 

?=7>X91300 7-;y- 
• — — "7 1/ 23 



'J jj. • J JUT 40 



(72)sgBj?=f i?-v>-*>h;u-^ 

7^>X91310 ^EVU'J— 71/ 
#5X18 



